Background: The severity of radiculopathy is varied and may not concur with MRI findings. Large disc bulges may elicit fewer symptoms than smaller bulges. This was postulated to be due to the size of the canal. Objective: To assess the severity of radiculopathy in individuals with developmental lumbar spinal canal stenosis (DLSS) and in those without. Methods: This cross-sectional survey compared two groups: those with DLSS and those without. 597 participants were recruited and screened for DLSS, creating two groups: a group with DLSS and a group without. Severity and duration of symptoms were assessed with visual analogue scale, Oswestry Disability Index and duration of symptoms. Results: Prevalence of DLSS in the study population was 19%. 90% of those with DLSS had radiculopathy with longer duration of symptoms (mean 20.8±21.8 months against 12.3±15.9 months, p<0.0001), higher ODI scores (32.9±15.2 against 17.2±16.5, p<0.0001), and a higher VAS score (5.1±2.9 vs 4.7±1.3, p=0.068). Conclusions: Patients with DLSS have increased prevalence of radiculopathy and symptoms are more severe than in those without.
Introduction
Lumbar spinal stenosis is defined as a narrowing of the spinal canal that results in compression of the neurovascular tissues before their exit or as they exit the spinal canal. Arnoldi et al. presented an etiological classification that attempted to distinguish congenital, developmental and acquired forms of spinal stenosis (1, 2) . Congenitally undeveloped vertebral canals tend to be syndromic, particularly associated with dwarfism and achondroplasia (3) . Developmentally narrow canals are characterized by narrowed spinal canals when compared with fully developed canals in the same population. The cause is unknown but it is thought to be part of generalized osseous stunting. Because the depth of the canal or the anteroposterior diameter (AP diameter) is fully completed by 5 years of age and has no chance of catching up, it is vulnerable to early life stresses such as malnutrition (4) . Malnutrition may be caused by food shortage, placenta disorders and various maternal factors; these all may potentially influence development of the spinal canal (5) . The width of the spinal canal diameter (transverse diameter) continues to grow until around 17 years (6), giving it room to grow when nutritional circumstances change. In developmentally narrow canals, the depth is more affected, and therefore statistical developmental lumbar spinal canal stenosis (DLSS) is narrowness of -2 SD from the population mean of depth of the vertebral canal. The resultant canal is either ovoid or shows trefoilness. In this study, the prevalence of DLSS (in the study population) was found to be 19%. Lumbar spinal canal stenosis is an important etiological factor in chronic low back pain syndromes (3, (7) (8) (9) . Using ultrasound scanning, Porter et al. examined thousands of patients attending low back pain clinic and found a significant difference in the canal size of symptomatic individuals than in asymptomatic volunteers. They also found that most patients requiring surgery have smaller spinal canal cross-sectional areas (10) . It can be concluded that canal size is a crucial determinant of neurological outcome in symptomatic individuals. Various methods have been used to measure the dimensions of the spinal canal including ultrasonography, plain X-ray, CT scan and MRI, but the radiological method of choice for evaluating spinal canal stenosis and its pathology is MRI (11) . Advantages of MRI over other methods include: noninvasiveness, non-radiation, high sensitivity and high soft tissue contrast that clearly shows nervous tissue, ligaments and other paraspinal soft tissues (11, 12) . Except for the CT scan radiating, which is a major disadvantage, CT axial views are an accurate method of measuring canal dimensions. In both CT and MRI scans, measurements are taken at the interpedicular level where the canal is spared the degenerative processes that generally affect the junctional levels, particularly the disc level (13) . This study used CT and MRI scans. The visual analogue scale (VAS) and the Oswestry Disability Index (ODI) have been validated to measure the health-related quality of life outcomes. VAS evaluates severity of pain while ODI evaluates a patient's functional disability. Duration of symptoms is an unspecific measure of chronicity of the disease condition.
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Methods
The study was a cross-sectional survey (all data collected in a single short period) and was part of a larger research study with multiple objectives. Data were collected between 2 October 2017 and 13 January 2018 in seven radiological centres in the coastal region of Kenya. Permission was sought from the Ethics Review Committee (ERC) of Mount Kenya University and the study permit was granted by the National Commission for Science, Technology and Innovation. Written informed consent was sought from each participant, who joined the study freely without coercion or monetary inducement. Confidentiality was maintained and patient information de-identified. All study participants were mature adults who had a CT or MRI scan of the lumbosacral spine to allow measurement of the spinal canal. The study used a semi-structured questionnaire that was administered by a researcher to collect data. All necessary observations and measurements were collected simultaneously on the spot. The questionnaire had sections for VAS enquiry, longevity of symptoms, and an ODI questionnaire attached. All participants were indigenous adult black Africans who were born in and and spent their first 5 years of life in the coast region (this was hoped to eliminate genetic confounders). The sample was meant to represent an impoverished population because poverty levels in the coastal region are higher than the national average for the country (46.5% vs. 42%) (24) . The individuals were required to be between 18 and 60 years of age and have had a CT or MRI scan with clear magnification of the lumbosacral spine. Those excluded were people of non-African race, those with musculoskeletal disorders such as hip dysplasia or scoliosis, those who were syndromic (Downs syndrome, dwarfism and achondroplasia), and those with prior spine surgery, spine fractures, infection or tumors. Using Fisher's formula, the sample size was predetermined as 436. The recruitment obtained 597 participants and the study sample was obtained from this group by systematic sampling method, where every 5th participant was eliminated beginning from a random number. Lumbar spinal canal dimensions were measured prospectively using a Siemens sixteen-slice multi-detector CT scanner or a GE 1.5T MRI scanner (General Electric, USA). Measurements of the spinal canal were taken at the interpedicular level on the axial scans of each lumbar vertebra from LV1 to LV5. All measurements were done manually by study assistants and counterchecked by the principal researcher. The true value of the measurement was recorded after factoring in the magnification. The dimensions of the spinal canal were marked anteriorly by the posterior edge of the vertebral body, posteriorly by the anterior edge of the spinous process, and laterally by the medial borders of the pedicles. Measurements used those landmarks on the axial scans of each lumbar vertebra from LV1 to LV5 at the pedicular level (Fig. 1 ).
The anteroposterior diameter (APD) and the transverse diameter (TRD) were taken for each segment of the lumbar spine in each participant. These dimensions were used to calculate the cross-sectional area (CSA) using the mathematical formula for calculating the area of an oblong as follows: A = πxy, where A is the cross-sectional area, x the transverse diameter and y the anteroposterior diameter ( Fig. 2) . After the spinal canal measurements, two groups were created: Group1 consisted of individuals with DLSS and Group2 of individuals without DLSS. Comparisons were made within these groups to determine the severity of radiculopathy symptoms. Data were analyzed using IBM SPSS version 20.0 (SPSS Inc., Chicago, Illinois, US). Descriptive statistics were used to analyze for frequencies, central tendency (mean, median and mode), and dispersion (standard error, standard deviation, range and sample variance). Independent samples t-test was used to compare means for the two groups. p<0.05 was considered statistically significant. The procedures followed in this study were in accordance with the ethical standards of the responsible committee on human experimentation (institutional and national) and with the Helsinki Declaration of 1964, as revised in subsequent editions.
Results
The sample had 217 males and 219 females (n=436) with a mean age of 43 years. Three hundred fifty-four (81%) participants were symptomatic: 109 (23%) had isolated low back pain; 193 (44%) had back pain and radiculopathy; 52 participants (12%) had isolated radiculopathy without back pain. Eighty-two participants (19%) had no symptoms. After screening (for DLSS), 84 participants (19%) were below -2SD of mean and formed Group1. The remaining 354 were statistically negative and formed Group 2. The overall rate of radiculopathy in the study population was 56%. The frequency of radiculopathy in Group1 (DLSS) was compared with Group 2 (without DLSS). Ninety percent of individuals with DLSS had radiculopathy compared with 48% in those without DLSS. The differences were statistically significant with chi square in cross-tabulation returning a p <0.0001. The mean APD in the normative population was 13.8±2.5 mm with a TRD of 17.8±3.6 mm, giving mean CSA of 192±70 mm 3 . The mean APD in Group1 (n=84) was 13.1±2.5 mm and 14.4±2.6 mm in Group2 (n=352), p=0.046. The mean TRD in Group1 was 17.5±3.3 mm and in Group2 18.0±3.8 mm (p=0.176). The mean CSA in Group1 was 181.5 mm 2 and 203.8 mm 2 in Group2 (p=0.042). In addition, those with isolated radiculopathy (n=52) had a mean CSA of 174.8 mm 2 and those without any symptoms (n=82) 201.6 mm 2 (p<0.0001).
Disease burden
The disease burden to the individual was measured by determining severity of pain at presentation, chronicity and disability. Severity of pain was measured using VSA while chronicity was measured as duration of symptoms (in months) of low back pain and radiculopathy or radiculopathy alone. Disability was measured using the Oswestry disability index, which measures deterioration in activities of daily living.
DLSS and chronic low back pain (LBP)
Out of the 84 cases of DLSS, 69 (82%) suffered LBP compared with 66% of those without DLSS. The difference was statistically significant (p=0.0044). Although there is a difference between the two groups, LBP appears to be a highly prevalent condition in the population (72%), where DLSS is a significant but not the only cause.
Radiculopathy (radiculopathy/myelopathy symptoms)
Out of the 84 cases of DLSS, 76 (90%) suffered radiculopathy compared with 48% of those without DLSS. The difference was statistically significant with chi-square in cross-tabulation returning p<0.001. As expected, DLSS is major contributor to the radiculopathy syndrome, but the 48% prevalence in the non-DLSS population implies that other causes of nervous tissue compression exist. Severity VSA showed that those with DLSS had severe symptoms, mean VAS=5.1±2.9, compared with mean VAS=4.7±1.3 for those without DLSS, p=0.068. Chronicity Longevity of symptoms was compared between those with DLSS and those without. The average duration of symptoms for those with DLSS was 20.8±21.8 months and for those without 12.3±15.9 months, p=<0.0001. Individuals with DLSS tended to have symptoms that run a chronic cause (Table 1) . 
DLSS and disability
The ODI, a validated tool for health-related quality of life in patients with lower back pain, was used to measure the effects of DLSS on activities of daily living and compared with those without DLSS. The mean score in those with DLSS was 29.3% and in those without 24.8%. The difference was statistically significant (p=0.031). This means that those symptomatic individuals with DLSS have increased disability than patients with other forms of back pain ( Table 2 ).
Discussion
The overall prevalence of DLSS in the study population was 19%; when the symptomatic group was isolated, prevalence rose to 35%. The prevalence is much higher than reported in other studies. Schroeder et al. reported a prevalence of developmental lumbar stenosis of 9.3% in the American population (14) . Kalichman et al. in the Framingham study concluded that the prevalence of "congenital stenosis" was 7.3% (15) . Both authors studied populations in the developed world. (17) . There are few published values from the indigenous African population for comparison. This study shows that individuals with DLSS have a higher frequency of LBP (82%) than those without DLSS (66%). Similarly, individuals with DLSS have a higher frequency of radiculopathy (90%) than those without (48%). The prevalence of these symptoms is high even in the study population, 72% and 56% for LBP and radiculopathy respectively, and can be explained by the sample bias of preselecting individuals with or seeking lumbosacral scanning. A significant correlation is observed between DLSS, chronicity, disability and level of pain. The severity of these symptoms was compared in those with DLSS against those without. All outcome measures-pain intensity, chronicity, and disabilityshowed significant differences in those with DLSS, revealing prolonged, painful and disabling symptoms. Zucherman et al. in a prospective randomized multi-center study for the treatment of lumbar spinal stenosis with the X-STOP interspinous implant used the same outcome measures (Zurich Claudication Questionnaire) to monitor the outcome of treatment of spinal stenosis (22) . Other studies have used patient-reported outcome measures such as ODI and VAS (23) . The baseline duration of symptoms for those with DLSS in this study was 20.8±21.8 months and 12.3±15.9 months for those without (p<0.0001). The level of disability was worse in those with DLSS, mean ODI 32.9±15.2, than in those without, mean ODI 17.2±16.5 (p<0.0001). The visual analogue scale showed those with DLSS had more severe symptoms (VAS=5.1±2.9) than those without DLSS, VAS=4.7±1.3, p=0.068.
Conclusion
Individuals with radiological DLSS are more symptomatic than those without. These individuals are disadvantaged because they have a pre-existing narrow canal which does not exempt them from degenerative changes and other space-occupying lesions. When these conditions occur, compression is more severe than in the individuals with large canals. Radiological diagnosis of DLSS is therefore paramount as these individuals will need a different approach in management.
